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Summary: A simplE> and reliable closed circuit apparatus fOr short term and long term

measurements of Oxygen consumption of small laboratory animals is described. Repeat measure

ments of Oxygen consumption under resting conditions of six male albino rats using this apparatus
shows a variability of less than 1.5%. Use of the set-up fOr continuous monitoring of oxygen
consumption following subcutaneous inl&c1iOn of norepinephrine. fOr over 2.5 hr enables the

measurement of energy expenditure in Clnimals on a long term basis which is reproducible on

severa I occasions.
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INTRODUCTION

small animnls

The metabolic rate of small laboratory animals may be determined by either open-Ol
closed-circuit devices. Although many different forms of apparatus have been designed,
the closed-circuit arrangement has greater advantages and convenience over the open
circuit methods which are technically some what laborious (2.S.11). Brody (5) and Swift
and French (13) have reviewed the various techniques. The equipment that have been
designed and described earlier are complex and expensive. The simpler ones do not
permit continuous monitoring of changes in oxygen consumption over a long period of
time. The main objective of this communication is to present the design and operation of
a simple apparatus for monitoring oxygen consumption of small animals and give some
experimental data obtained by using the apparatus.

MATERIAL AND METHODS

A diagram of the apparatus is shown in Fig. 1. and the construction of the appara
tus is from common and readily available materials. The apparatus consists of a sealed
air-tight animal chamber (ordinary rice cooker is used) containing carbon dioxide
absorbent such as soda lime. This animal chamber is connected by a pressure rubber
tubing to a graduated burette (25 cc) which has a three-way stop-cock. The other
opening ;s connected to an oxygen source (a football bladder filled with oxygen will
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suffice). A water manometer is attached to the animal chamber to which a photosensi
tive indicator lamp is fitted which is a very useful monitor for accurate reading of the rate of
oxygen consumption by the animal. A thermometer and a pressure equilibrating stop-cock
is also inserted to the top of the animal chamber. The animal chamber is placed in an
outer temperature compensating container SO as to enable the measurement of the
metabolic rate at any desired temperature.
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Fig. 1 Schematic diagram of the apparatus for oxygen consumption measureme~l in small animals.

The principle of operation of this apparatus isas follows: The pressure inside the
closed Chamber is raised above the ambient by delivering a predetermined volume of oxygen.
Water has been utilised to push oxygen from the burette into the animal chamber (15).
The rise in the chamber pressure is indicated by the change in level of the fluid in the
manometer. Expired carbon dioxide and water are absorbed by the absorbent and tf-te
time taken for the chamber pressure to return to its initial level as indicated by the phOto
sensitive lamp. gives the rate of oxygen utilization by the animal.

After checking the system for leaks. the animal is introduced into the chamber and
the lid sealed. Some time (usually 1'0-15 minutes) is allowed for the animal to settle
down and for temperature equilibration. A known volume of oxygen is delivered from
the burette into the chamber. The pressure in the chamber increases and the fluid level
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in the manometer rises and the indicator lamp burns off". When the Pressure drops
due to Oxygen consumption by the animal and reaches the initial level the lamp burns

on". This interval between "off" and "on" is the time taken for oxygen consumption
by the animal. The volume of oxygen consumed over a period of time is subjected to
thermobarometric (STPD) corrections and the values are expressed either as volume of
oxygen consumed per minute per kg body weight raised to their power 0.75 (9) or as
energy expended in kilocalories (or kilojoules) per unit time per unit body weight o! body
surface area (1).

RESULTS

To test the val.idity and reproducibility of the apparatus, a short term measurement
of resting oxygen consumption of six male albino rats which were fasted overnight wer'}
made fOr 30 min at 28±1DC and results are shown in Table I and the results of
resting oxygen consumption of rats are iln agreement with values cited elsewhere in the
literature (3.4,10).

TABLE I: Comparison of measurements of oxygen consumption and metabolic rate.

Trial

II

ml/mt

2.54±O.29

2.54±O.33

Oxygen consumption

ml/mt/W 0·75

11.93±2.13

11.60±1.63

Metabolic rate

Kcal/m2/hr

28.85±4.31

28.23±3.21

Mean ±SD n=6 (all male)

Long term measurement of oxygen consumption far over 2.5 hrs by the rats after
~ubcutaneous injection of noradrenaline was also done. The results are shown in
·Fig. 2.
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Fig. 2: Oxyggn c:Jnsumption in rats m~nitored for over 2 hr after subcutaneous injection of nOradrenaline.

DISCUSSION

A number of techhniques have been described for the measurement of oxygen
sonsumption of small animals (4.6.7.8.11.12.14). The apparatus used fOr such measure
ments must satisfy three basic requirements (7).

I

(a) It must be comfOrtable enough far an animal to settle down quickly.

(b) It must be sensitive to small changes In oxygen consumption and

(c) Its design should permit individual and group measurements to be made on
several animals under identical conditions.

A simple. economical. reliable and efficient apparatus which meets all the above
requirements is described here. The various items plus accessories required are easily
obtainable and the total cost incurred is less than Rs. 500/-. This is only a small
fraction of the cost of other equipment for measurement at oxygen consumption of small
animals. It ·is easy to operate and the measurements made are accurate. reliable and
reproducible. Sensitivity of the apparatus is good as the dead space is minimal : 0.5 ml
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of Oxygen introduced into the animal chamber reflects an adequate pressure change in the
manometer. Temperature equilibration is reached within 8 to 10 min of introduction of the
animal and the measurements of oxygen consumption can be done under controlled
temperatures by using the temperature compensating outer container.

Long term measurement of oxygen consumption is possible using this set-up
and we have used the apparatus for measurements rangin9' from a minimum of 30 minutes
to mOre than 180 min. This simple (qui~ment can be constructed in any laboratory and
can meet a wide range of experiment21 requirEments. The general design of the apparatus
can be adapted with suitabl'e alterations for different laboratory animals.

ACKNOWLEDGEMENTS

Technical assistance of Mr. K.J. Louis and Mr. Gajendra Kumar during the construc
tion of the smal,! animal metabolic chamber is gratefully acknowledged. We would like to
thal~k Ms. Mary Oueenie Lewis for typing the manuscript. D. V. M. is in receipt of an
ICMR Senior Research Fellowship.

REFEPENCES

1. Allan, Grinnel and A.A. Barber. In "Laboratory experiments in Physiology". 9th Edn. The C.v. Mosby
Company. Saint Louis. 138, 1976.

2. Bailey.C.B .. W.D.KittsandA.J.Wood. A simple respirometer for small animals. Can.J. Ani. Sci., 37: 68-72,
1957.

3. Balmagiya. T. and S.J. Rozovsci. The.rmoregulation in young adult rats during short and long term
protein malnutrition. J. Nurr., 113: 228·238, 1983.

4. Bouroumand, M. and D. S. Miller. An automatic apparatus for measuring dailv energy Fxpenditure in
laboratory animals. Proc. Nutr. Soc., 36 : 14A,1977.

5. Brody, S. In "Bioenergetics and growth". Reinhold Publ. Corp. New YOrk. NY. 1945.

6 Grad. B. A simple method for the measurement of the oxygc:n consumption and heart rate of rats.
Endocrinol., 50: 1194-1199, 1952.

7. Harvey. D.G. The measurement of oxygen consumption in small animals. J. Pharm. Pharmac... 10 :
483-492. 1957.

8. Hnltcarnp, D.E.. S. Ocns., C.C. Pfeiffer and A.E. Hemming. Determination of the oxygen consumption of
rats. Endocrinol., 56: 93-104,1956.

9. Kleib"lr. M. B)dy size and mJtab')lic rate. Physiol. Rev., 27: 511-541,1947.

10. W'thwell, N.J. and M.J. Stock. Similarities betwean c')ld-and diet-inducad thermogenesis in the rat.
Can. J. Physiol. Pharmacol., 58 : 842-848. 1980.

11. Smothers. J.L. A volumatric respirometer for small animals. J. Appl. Physiol., 21 : 1117-1118,
1966.

12. Stock. M.J. An automatic closed-circuit oxygen consumption apparatus for small anima Is. J. Appl.
Physiol., 39 : 849-850. 1975.

13. Swift, R.W. and C.E. French. In "Energy metabolism and Nutrition". Scarecrow Press. Washington. D.C.
1954.

14. Watts, D.T. and D.R.H. Gourley. A simple apparatus for determining basal metabolism of small animals in
studont Iaboratory. Yale J. BioI. Med., 84: 585-586. 1953.

15. Zarrow Mx.. J.M. Yochim and J.M. McCarthy. In "Experimenta: Endocrinology" A source book of basic
techniques. New YOrk Academic Press, 245-246, 1964.


